Numerical analysis of published standard descriptions of the eight species of Debaryomyces, 48 species of Pichia and the single species of Wingea failed to distinguish separate genera. It is proposed that they be combined as a single genus Pichia of 41 species, three of which were formerly allocated to the genus Endomycopsis. The genus Hansenula, of 20 species including Pachysolen tannophilus and three former species of Endomycopsis, is closely related to the genus Pichia and is distinguished only by the ability of Hansenula species to assimilate nitrate. In the genus Schwanniomyces the number of species is reduced from four to two, and in Lipomyces, from three to one.
as equivalent tests of osmophily) and at 37 "C. The matching coefficients, S, (Sneath, 1972) , between strains was determined from both positive and negative matches (Campbell, I 970) by computer programs I and 2 (Campbell, 1970 (Campbell, , 1973 and the results were expressed in dendrogram form at highest mutual similarity level expressed to the nearest 5 % (Campbell, 
1970)-

R E S U L T S
Because a single analysis of all genera involved an extremely large number of species, two separate groups of genera were tested in preliminary analyses. The resulting clusters were then compared.
Numerical analysis of standard descriptions of Ambrosiozyma, Debaryomyces, Endomycopsis, Pichia, Sch wanniomyces and Wingea species
The standard descriptions analysed included eight species of Debaryomyces (Kregervan Rij, 197ob) , 36 of Pichia 197oa) , ten of Endomycopsis (Kreger-van Rij, I~~o c ) , four of Schwanniomyces (Phaff, 1970) and one species of Wingea (van der Walt, I 970 a). The following recently described species were also included : Endomycopsis muscicola Nakase & Komagata (1966) , Pichia ambrosiae van der Walt & Scott (197Ia) , P. besseyi Kurtzman & Wickerham (1972) , P. cicatricosa , P. crossotarsi Batra (I971) , P. heimii Pignal (I970) , P. melissophila van der Walt & van der Klift (1972) , P. microspora Batra (I971) , P. mucosa Wickerham & Kurtzman (1971) , P. nonjermentans Nakase (I971) , P. sargentensis Wickerham & Kurtzman (1971) , P. spartinae Ahearn, Yarrow & Meyers (1970) and P. xylopsoci . Arnbrosiozyma philentoma van der Walt et al. (van der Walt, 1972) was included because of its close association with species of Endomycopsis and Pichia. Pichia faecalis (Batista & Silveira) de Queiroz (1970) was regarded as synonymous with P. etchellsii (Kreger-van Rij, 1970a ) and was therefore not examined.
Five main groups were distinguished, mutually related at 70 % matching coefficient (Fig. I ). Fifteen Pichia species and two Endomycopsis species related to Pichia membranaefaciens formed the first group; 17 species of Pichia, and possibly also P. media which was difficult to allocate to a taxonomic group, five of Endomycopsis and Ambrosiozyma philentoma formed a second group, of which the main species were Endomycopsisjbuligera and P. guilliermondii. Eight species of Pichia and four of Endomycopsis formed a poorly defined third group. Five species of Pichia were associated with Wingea robertsii and seven Debaryomyces species in the fourth main group. The genus Schwanniomyces, related at 70 2; matching to the Debaryomyces group, was related at approx. 65 % matching to the other groups of Pichia and Endomycopsis. It is interesting that the Debaryomyces group is composed entirely of species which form spherical and usually warty spores (see Kreger-van Analysis of Hansenula and Pichia 429 1970a, b) ; in other groups of the genus Pichia only P. Jluxuum, P. kudriavzevii and P. terricola, and occasionally four other species of the P. membranaefaciens group, form such spores (Kreger-van Rij, 1970~2) . Following the precedent of our analysis of the genus Saccharomyces (Campbell, 1972) , Wickerham (rg7oa) were analysed, i.e. including the two species also classified as Endomycopsis (Kregervan Rij, ~9 7 0~) .
To that group were added seven species of Brettanomyces (van der Walt, 197ob), two species of Dekkera (van der Walt, I~~o c ) , three of Lipomyces (Slooff, 1970) , Citeromyces matritensis (Wickerham, ~9 7 0 b) , Lodderomyces elongisporus (van der Walt, I 97od) and Pachysolen tannophilus (Wickerham, I 970 c Com bined analysis Having determined the main groups of clusters in the two groups of genera (Fig. I , 2) , the analysis was completed by a series of comparisons in which each species was compared with all others. The results were confirmed by comparison of the main groups detected and illustrated in Fig. I and 2 . Fig. 3 at 70 % or less, and the three results at a higher level were regarded as exceptions. Saccharomyces was most closely associated with the genera Debaryomyces and Schwanniomyces, at approx. 70 % matching (Fig. 3) .
DISCUSSION
Very few of the species in the present analysis were represented by strains in our culture collection, and standard descriptions by the contributors to Lodder's (1970) (Campbell, 1972) suggested that standard descriptions alone would provide accurate information for the present series of analyses.
The genera Ambrosiozyma, Endomy copsis, Hansenula and Pichia
Our results of analyses of the genera Hansenula and Pichia confirmed Poncet's (1967 Poncet's ( , 1970 results in most respects. Fig. I suggests that Poncet's large groups A and C of the genus Pichia (Fig. I by Poncet, 1967) should be further subdivided. Poncet's (1970) and our analyses of the genus Hansenula also provided similar results, but the groups arranged by her factor analyses did not coincide exactly with clusters in our dendrogram, Fig. 2 . Possibly the discrepancies, indicated in Fig. 4 ? are the result of Poncet's use of single strains, in contrast to our use of published standard descriptions, to represent large and variable species, but the two different forms of calculation must also account for some differences. It is interesting that Poncet's fig. 3 (1970) showed a difference between Hansenula saturnus and H. suaveozens (Klocker) Dekker, now regarded as synonymous (Wickerham, 197oa) , and between H. polymorpha and H. angusta Teunisson et al., also synonyms at present.
The majority of species of Endomycopsis, Hansenula and Pichia formed an inseparable group (Fig. 3) . Endomycopsis bispora, E. muscicola Nakase & Komagata and E. platypodis, which assimilate nitrate as sole source of nitrogen, have been allocated to the genus Hansenula (Wickerham, 197oa; Yarrow, 1972) ; in the case of Hansenula beckii and H. platypodis this is justified by their close associated with true Hansenula species in Fig. 2 and 3, but H. muscicola is related to other hansenulae at only 70 % matching, and is equally closely related to nitrate-negative Endomycopsis and Pichia species. Endomycopsis monospora and the closely related species E. platypodis, Pichia ambrosiae and P. cicatricosa were transferred to the genus Ambrosiozyma by van der Walt (1972) . While these species and Ambrosiozyma philentoma appeared as a distinct group at 80 % matching in Fig. I , there is little justification for a separate genus since the species are equally closely related to other species not classified as Ambrosiozyma. Van der Walt's genus Ambrosiozyma is simply a subgroup of the species E.jibuIigera (Fig. I ) .
Several new genera were proposed by von Arx ( 1 9 p ) , but were not confirmed by our series of numerical analyses. Hormoascus platypodis (Baker & Kreger-van Rij) von Arx (Endomycopsis platypodis) is related at 80 % matching to species of Hansenula and Pichia, therefore Hormoascus platypodis is as unacceptable, and for the same reasons, as Ambrosiozyma platypodis (Baker & Kreger-van Rij) van der Walt. Arthroascus javanensis (Klocker) von Arx (E. javanensis) is related at S, 80 % to E. ovetensis and the Pichia membranaefaciens group, and is synonymous with P. nonfermentans Nakase. Nor was von Arx's suggestion of synonymy of Ambrosiozyma monospora (Saito) van der Walt (E. rnonospora) and P. crossotarsi Batra confirmed by numerical analysis of the standard descriptions provided by Kreger-van Rij (1970 c) and Batra (1971) respectively. Pichia crossotarsi and P. microspora Batra, which are synonymous at go % matching, are shown in Fig. I as a distinct species from E. monospora. The status of a separate genus Guilliermondella, revived by von Arx (1972) , is supported by numerical analysis ; Guilliermondella selenospora Nadson & Krassilnikov is related at only 75 % matching to E. capsularis and could be a separate genus.
Current taxonomic practice favours the abolition of the generic name Endomycopsis (Wickerham, 197oa; Batra, 1971 ; van der Walt & Scott, 1971 c ; von Arx, 1972; Yarrow, I 972) . There is no clear separation between filamentous genera and pseudomycelial yeasts of the genera HansenuZa and Pichia. Suggested definitions of genera by von Arx (1972) which concern the present paper are : no assimilation of nitrate, septate hyphae -Saccharomycopsis; no assimilation of nitrate, septate hyphae -Pichia; assimilation of nitrate, septate The majority of taxonomic deductions from numerical analyses (Fig. I , 2) were confirmed by previously published data. Proton magnetic-resonance (pmr) spectra of wall mannans (Gorin & Spencer, I~o ) , G C proportion in DNA bases (Meyer & Phaff, 1969; Nakase & Komagata 1970 and serological properties (Tsuchiya, Fukazawa & Kawakita, 1965; Campbell, 1971 ) of a selection of species are listed in Table I to support our classification. The few exceptions require comment: members of the Pichia membranaefaciens group, although related in pmr spectra and antigenic structure, vary over a wide range of GC proportions (28-3 to 42.2). Pichia rhodanensis, of G C proportion 50.2 %, is in a group of G C 39.3 to 43.2 %, and Hansenula capsulata, G C proportion 46.8 to 47.1 %, is associated with H. holstiiand H. silvicola, G C proportion 34. I to 37.1 %. Otherwise, the G C proportions of species in taxonomic groups fall within a range of & 2 % of the mean value. Tt is generally true that species allocated by numerical analysis to the same taxonomic group were placed by Gorin & Spencer (1970) in the same pmr type or in types which showed peaks of the spectra at similar 7 values thus indicating chemical similarity.
The genera Brettanomyces and Dekkera Brettanomyces custersianus, B. abstinens Yarrow & Ahearn and B. naardenensis
Kolfschoten & Yarrow were clearly separated and are therefore valid species. The remaining seven species of Brettanomyces and the two of Dekkera overlapped so extensively that they were regarded as a single species. The 5 % difference between B. bruxellensis and Dekkera bruxellensis, and between B. intermedius and D. intermedia, was accounted for by properties of the spores of Dekkera species; this emphasizes earlier criticisms (Barnett, 1960 (Barnett, , 1971 Campbell, 1971) of the use of spore properties in classification. The group is therefore defined as B. bruxellensis, of wider variation than at present. For computerized yeast identification (Campbell, I 973), two descriptions of invariable properties were required.
The genera Citeromyces and Pachysolen
Citeromyces matritensis and Pachysolen tannophilus are similar to Hansenula species (Wickerham, 1g7ob, c) but the 75 % matching coefficient between C. matritensis and the most closely related species of Hansenula distinctly separates the genera. Unfortunately the form of the spores is the only obvious difference from Hansenula species. Wickerham's (1970 b) suggestion of a relationship between C. matritensis, Debaryomyces hansenii and Schwanniomyces occidentalis was not supported by our analyses (Fig. 3) . Tsuchiya et a/. (1965) demonstrated a close serological relationship (Table 2) , but Gorin & Spencer (1970) allocated the species to different pmr groups, with peaks at different 7 values.
Analysis of strains of Pachyso fen tannophilus, Hansenula capsulata, H. holstii and H. silvicola (Campbell, 1971) showed 80 % matching coefficient, which suggested that P.
tannophilus should be included in the genus Hansenula. Although Gorin & Spencer (1970) indicated a difference between P. tannophilus and Hansenula species, it was not confirmed by analysis of the whole range of published properties (Fig. 2) The genera Debaryomyces and Wingea The complete overlap of Debaryomyces, Wingea and five species of Pichia suggests that these five species were wrongly allocated to the genus Pichia, or that there is no justification for a separate genus Debaryomyces. b) described the difficulty of allocating species to the correct genus, and indeed the difficulty of defining each genus. A distinction was only possible by electron microscopy of sporing cultures, and even so, intermediate forms occurred which were arbitrarily placed in the genus Pichia as Pichia JEuxuum and P. terricola. Although species in Fig. I which could be allocated to a separate genus Debaryomyces were distinct from the remaining species of Pichia, there were no properties which satisfactorily distinguished the two genera.
Available data on pmr spectra, GC proportions and serology (Table I ) confirm that the genera Debaryomyces, Pichia and Wingea form a homogeneous group. Pichia pseudopofymorpha, of pmr group ga, is not as anomalous as first appears, since the peaks of spectra 5a and I I c (P. polymorpha) are in the same 7 positions (Gorin & Spencer, 1970) . With the exception of Debaryomyces tamarii, which is taxonomically different in Fig. I , all species of the D. hansenii/P. polymorpha group are of GC proportion 32.4 to 38.5.
There appears to be no convenient alternative to a single genus Pichia, to which the definition by Kreger-van Rij (1970a) is applicable on insertion of the words 'The spores have smooth or warty walls' and deleting 'The spores are generally smooth; they may have warts formed exclusively by the outer layer of the spore wall.' The definition should also state that 'The spores are spherical, hat-or Saturn-shaped or lentiform . . ,' to include van der Walt's ( 1 9 7 0~) genus Wingea, for which, according to our results, there is no justification as a separate genus. Its single species is described below as Pichia robertsii van der Walt.
The genera Lipomyces, Lodderomyces and Schwanniomyces These genera are sufficiently different to remain separate from the other genera of this analysis. The three species of Lipomyces (Slooff, 1970) are mutually related at 90 % matching, but vary over approximately 20 % of properties. Therefore the three species may be described as a single species, Lipomyces starkeyi, of wider variation than at present described, and as two units for computerized identification ( Table I ) . In the genus Schwanniomyces there is insufficient difference between Schwanniomyces alluvis and S. castellii and between S. occidentalis and S. persoonii to justify separate species, and a reduction of the genus to two species is suggested. This is in accord with Gorin & Spencer's (1970) results; all were placed in group 15.
List of synonyms The analyses of standard descriptions of species have indicated the following amendments to the classification by Lodder ( I 970) of the genera Brettanomyces, Debaryomyces, Dekkera, Endomycopsis, Hansenula, Lipomyces, Pachysolen, Pichia, Schwanniomyces and Wingea. The genera Citeromyces and Lodderomyces, also analysed in the present paper, are unchanged.
Analysis of Hansenula and Hansenula wickerhamii Capriotti ( I ) var. schneggii (Weber) Wickerham and H. ciferrii listed by Wickerham (197oa Yarrow (1972) ( 1 2 ) Hansenula philodendra Scott & v. d. Walt (197oa) (15) Hansenula saturnus (Klocker) Sydow & Sydow
The following amendments are suggested to the list of species by Wickerham (197oa (20) Pichia marama (di Menna) Phaff, Antonie van Leeuwenhoek (1956) b 
